Introduction
Several experiments had been performed on the Am/Cm Target glass to examine its durability in terms of time and temperature. This report discusses some experiments to examine the pH dependence of the A d C m Target durability. All the experiments were performed using the Product Consistency Test developed at WSRC and discussed in the next section.
Product Consistency Test Description
Product Consistency Tests (PCT Test Method B) were performed on Am/Cm Target and Approved Reference Material (ARM) glasses at WSRC Savannah River Technology Center (SRTC). The PCT's were done according to the requirements in the American Society for Testing and Materials (ASTM) Test Method C 1285-94 Determining ChemicaE Durability of Nuclear Waste Glasses: The Product Consistency Test (PCT)' .
Tests were performed on the A d C m Target glasses in triplicate for various pH buffered solutions. Duplicate blanks were run for each pH buffer. Table I lists the elemental leachate concentrations for the M C m Target glass where pH leachates were pH 1, pH 4, pH 7, pH 10, pH 13 and a standard PCT run (90&2"C, DI H20 as leachate) on the Approved Reference Material (ARM) where pH ranges between 6 and 8. In Table I , BLK is the abbreviation for blank and ACT is short for Am/Cm Target glass. Table I1 lists the oxide compositions of the A d C m Target and ARM-1 glasses.
Each glass was ground using a Tekmar grinder with tungsten carbide blades. The ground glass was then sieved and a 100-200 mesh size collected in a beaker. The glasses were then washed by forcibly adding 15-20 ml of de-ionized water to the beaker and then decanting. This process was done three times. The glasses were also washed twice by forcibly adding 15-20 ml of de-ionized water, placing the beaker in an ultrasonic water bath for two minutes and then decanting. The process was repeated with ethyl alcohol. The glasses were then placed in a convection oven over night to dry.
Teflon@ and stainless steel vessels were then prepared to receive the dried samples. First, the vessels and lids were cleaned by soaking them in 0.16M Nitric Acid (HNO3) at 90°C k 10°C for approximately one hour on a hot plate. These items were then rinsed with de-ionized water. The vessels were then soaked in fresh de-ionized water at 90°C rf: 10°C for about an hour on a hot plate. The vessels were filled 80% h l l with de-ionized water (pH 5.0-7.0) , capped, and placed in a convection oven at 90°C rf: 2°C for 16 hours. The pH values of the water after the 16 hour period were still between the pH 5.0 -7.0 range. For the pH 1 and pH 4 tests, approximately 3.5 grams of each glass were then added to the cleaned Teflon@ vessels and their weights recorded. Stainless steel vessels were not used for these two tests due to HC1 in the pH 1 and pH 4 buffers. For the pH 7, pH 10 and pH 13 An Orion pH meter was calibrated using 4, 7, and 10 pH buffers. The pH buffers 1,4, 7, 10 and 13 were prepared and an initial pH was recorded as shown in Table 111 . For the pH buffer tests 1 and 4, approximately 35 grams of the buffer was added to each vessel and a total weight of the vessel, water, and glass was recorded. For the pH buffer tests 7, 10, and 13, approximately 15 grams of the buffer was added to each vessel and a total weight of the vessel, water, and glass was recorded. The vessels were capped and then placed in a Blue M convection oven at 90"k 2°C. The following day, the vessels were removed and checked to make sure that they were still tightly sealed. The oven temperature was monitored at half an hour intervals during the course of the study, using an Omega Thermocouple Thermometer.
After the seven day test period was complete, the vessels were taken out of the convection oven and allowed to cool. The vessels were weighed and the weight recorded. All of the samples had a weight loss of less than 1 % over the course of the study. Each vessel was then uncapped and a pH taken. The final pH levels of the ARM glass standards were 10.22, 10.26, and 10.27.
The final pH of the buffer pH 1 tests were 2.85,2.89, and 3.13, buffer pH 4 tests were 5.02, 5.21, and 5.28, buffer pH 7 test were 6.55, 6.81, and 7.86, buffer pH 10 tests were 10.35, 10.40, and 10.41, and buffer 13 tests were 13.20, 13.21, and 13.24.
Sterilized syringes and filters were used to filter the leachate into pre-sterilized vials. A total of 20 ml was filtered into each vial and then 200 ml of ultrapure nitric acid was added. The samples were then submitted for elemental analyses on an Inductively Coupled Plasma-Atomic Emission Spectrometer (ICP-AES). Elements analyzed in the blanks, ARM glass standard, and Loffler glass leachates included silicon (Si), lead (Pb), boron (B), aluminum (Al), neodymium (Nd), barium (Ba), europium (Eu), lanthanum (La), and cerium (Ce). These leachate analyses are shown in Table I . In the next section, the durability of the glass is calculated from this data.
Durability Calculation
Data obtained from the PCT Tests were analyzed to determine the durability of A d C m Target glass as a function of pH. In the past, the concentrations of silica and boron have been examined since these elements leach the easiest and are therefore good indicators of a glass's durability.
Since there is an interest in recovering the actinides in the M C m Target glass, the concentrations of the actinide surrogates neodymium (Nd), lanthanum (La), and cerium (Ce) were also examined. First, the elemental release data was zeroed against the blanks to provide an unbiased representation of the leachate concentrations. Next, the normalized release of each element i was calculated using the following equation:
where NRi is the normalized release of element i in grams of glass dissolved per liter of solution, ppmi is element i concentration in solution, and wi is the weight fi-action of element i in the glass. This calculation assumes the density of the solution is about that of water or 1 grdmilliliter.
For the M C m Target and ARM glasses, the weight fraction of each of the elements examined are given in Table IV . It is common practice to look at the log-noma1 concentration of glass leachates which is simply the log of the NR values from equation 1. Table V shows the raw ppm releases along with the normal (NR) and log-normal (LNR) releases for the Am/Cm Target glass data that were analyzed for the series of pH experiments discussed earlier. The data in Table V 
Conclusions
These experimental studies on Am/Cm Target glass have shown that its durability is dependent on pH. As the pH of the solution decreases away from a neutral pH, the elemental releases increase orders of magnitude. Looking at the boron releases, the dissolution is around zero at a neutral pH and rapidly rises to approximately 12 grams of glass dissolved per liter of solution at a pH of 3. The releases of the actinide surrogates (Nd, La, Ce) exhibit the same type of behavior, where the normalized release is about zero around a neutral pH and is around 14 grams of glass dissolved per liter of solution around a pH of 3. These findings support using the A d C m Target glass for storage of the actinides due to its high durability in aqueous or semi-neutral environments. These results also support the idea of using nitric acid to selectively extract the valuable isotopes from the M C m Target glass. Studies on nitric acid extraction of the real isotopes from the Am/Cm Target glass have just been completed. Once that data becomes available, this report will be revised to include the new information.
